Molecular modelling of Trematomus newnesi Hb 1: insights for a lowered oxygen affinity and lack of root effect.
Three-dimensional structural models of the hemoglobin (Hb 1) of the Antarctic fish Trematomus newnesi were built by homology modelling, using as template the X-ray crystallographic structures of Trematomus (previously named Pagothenia) bernacchii Hb 1, both in R and T state. The Hbs of these two fishes, although showing remarkably different oxygen binding properties, differ only by 4 residues in the alpha chain (142 aa) and 10 residues in the beta chain (146 aa). T. newnesi Hb1 R-state model, essentially performed as a quality control of the adopted modelling procedure, showed a good correspondence with the crystallographic one. Modelling of T. newnesi Hb1 in the T state was performed taking into account that the proton uptake by aspartate residues, proposed to be responsible for half of the Root effect in T. bernacchii Hb 1 (showing sharp pH dependent oxygen affinity and T-state overstabilization at low pH, i. e. Bohr and Root effect), does not occur in T. newnesi Hb1 (having nearly pH-independent lower oxygen affinity). Comparison with the template structure (submitted to the same minimization procedure) indicates that, in T. newnesi Hb1 T-state model, the substitution of Ile for Thr in 41 C6, in central position of the switch region, induces at the alpha(1)beta(2) interface structural modifications able to hamper the protonation. Similar modifications are also found in T. bernacchii Hb 1 modelled in the T state with the single substitution Thr-->Ile in 41alpha. These models also suggest that the lower oxygen affinity observed in T. newnesi Hb1 is related to structural differences at the alpha(1)beta(2) interface leading to a more stable low-affinity T state. Proteins 2000;39:155-165.